Introduction
Recent concerns over the health implications of fungi in indoor air [ I ] have focussed current research on identifying the sources of fungal growth. However, studies of fungi indoors have provided limited and inconclusive information on the predictors of indoor fungal concentrations [2] . Even less is known of fungal prevalence in healthy (non-problem) buildings [3] .
The factors that have been found to contribute to indoor fungal concentrations mostly relate to house dust. Early research by Maunsell [4] and Richards [5] found that dust-raising activities such as cleaning and construction work contributed significantly and this has been confirmed by more recent studies [6] [7] [8] [9] . Other factors include the presence of textile flooring [ 10] , wall-to-wall carpet [11] [12] [13] ; occupants at home most of the time; presence of pets; the type of flooring [ 13] ; furniture as a major source of meso-hygrophilic Penicillium spp. spores [ 14] , and the movement of people, pets, vacuum cleaning and construction work [9] . Higher concentrations occur up to 1 m above carpeted flooring compared to bare floors [15] .
These factors are suggested to be responsible for the large variations in indoor air concentrations [ I ] that range from 1 up to 6 ,000 CFU-m-3 [7] .
Carpets in particular have become a concern as they present a large surface of fleecy material that accumulates dirt and debris (including micro-organisms) that is transported indoors from the outdoors [ 16] on shoes, pets and food [ 17] . Children and pets in particular substantially increase the amount of soil that is transported into homes [ 18] . This accumulated house dust is well recognised as a major source of allergens in non-industrial indoor environments [ 13] . In particular, exposure to micro-organisms and their products in house dust is considered to be the most probable causative agent in allergic and/or immunotoxic respiratory disorders, especially when dust mite numbers are low [ 19] .
House dust has been characterised as a complex mixture of different particles which range in size from 1 urn up to 1 mm in diameter [20] . It is known to contain allergens from various sources including pyroglyphid (house dust) mites [21] , animal dander [22] [23] [24] , fungi [22, 23, 25, 26] , dead insects, algae, pollen, and bacteria [22] . House dust also includes particles of fibres, hairs, paint chips, sand, and combustion products [22] . House dust is also a reservoir of volatile and semivolatile organic compounds including organic acids, aldehydes and n-alkanes [20] .
Many studies have investigated microbial concentrations and compositions in house dust and have shown that a large number and a wide range of micro-organisms are present [27] . Of the contaminants in house dust, fungi are of particular significance as they produce a substantially greater biomass than other micro-organisms in house dust. They produce a wide range of toxins and allergens and a considerable number of species are human pathogens [28] . Because of their wide range of moisture and nutrient tolerance, some fungi even have the potential to grow best in house dust [29, 30] The results from previous studies highlight the need for further research of the microbial ecology of carpets (and other soft furnishings), and to understand how airborne bio-contamination levels relate to surface contamination [ 18] . To [ 17] .
One method of determining direct evidence of microbial growth is to measure the evolution of carbon dioxide (C02) from respiration by placing samples in an airtight chamber. The authors are only aware of one study on C02 evolution from air filter materials [31 ] and two investigations of C02 evolution from house dust from non-problem buildings in the literature [20, 32] . However, the study by Pasanen et al. [32] measured the growth of a known fungus on sterilised house dust. The study by Kor- pi et al. [20] appears to be the only study to use house dust with its whole variety of micro-organisms that are naturally present.
Soil microbial respiration, on the other hand, is a wellestablished method for estimating soil microbial activity since the late 19th century [33] and is still one of the most used and useful measures of soil microbial activity [34] . This 
Respiration Activity
The dust samples were analysed for living microbial biomass by measuring the amount Of C02 evolution from respiration.
A respirometer, Respicond III (A. Nordgren Innovations AB, Umed, Sweden), was used to measure C02 production (± 1 %). The apparatus was based on the description of the conductivity cell by Nordgren [36] and is based on the principle that C02 absorbed in a hydroxide solution forms carbonate ions and decreases the conductivity which is calibrated against C02 absorption. The decomposition of carbon compounds is mainly performed by fungi and to a lesser extent bacteria [37] . The C02 evolution data was moved to a spreadsheet programme where the microbial parameters were calculated after deduction of the blanks. Seven replicates were measured for each sample. Altogether, 7 blanks were evenly distributed among the sample jars.
The complete system consisted of a series of jars connected to a conductivity meter via a multiplexer that connected each unit in turn as described by Nordgren [36] . The jars were placed in water baths to maintain a constant temperature of 22 ° C for calculation of microbial biomass [38] . Three grams of sample was added to each jar. The C02 evolution (respiration) from an unamended dust as well as the decomposition were monitored every hour [37] . The total length of time for the test was 8 days. Potassium hydroxide solutions of 0.05 and 0.3 M were used as the electrolytes [36] . The jars containing the samples were constructed of autoclavable standard plastics (Nalge 2117, 250 ml and Nalge 2118, 30 ml) [36] .
Samples were prepared following the instructions in Torstensson [37] . The moisture content before analysis was <400% of the organic matter content. The loss on ignition, dry weight of the sieved soil, and pH (H20) were also determined. The soil was homogenised by sieving (mesh approximately 0.5 cm) in order to be able to mix it thoroughly with the glucose powder [37] .
The base respiration rate is a measure of the total microbial activity and was measured using the samples in original state with no moisture added (unamended) [34] [38] . SIR was calculated as an average of the lowest values where the respiration was constant after glucose addition [37] . A mixture of 80 g glucose, 13 g (NH4)2S04 and 2 g KH2P04 [37] was thoroughly ground and mixed in a mortar and stored at room temperature. After 2-3 days of measuring the basal respiration, 0.2 g of the glucose mixture was added to each sample and vigorously shaken. The SIR is reported in CO2 (wg) g-1 h-1.
The lag time is the time from addition of glucose until exponential growth starts. It reflects the vitality of the growing organisms [34] . It is calculated from a plot of the logarithm of the respiration rate and measured in hours [37] . The exponential phase of the growth appears linear and a regression was made giving the growth constant and the intercept with the y axis. The following formula was used to calculate the regression [37] : lag time = p-1 (log SIR -y intercept) -time of glucose addition The microbial biomass of the dust samples was estimated using the maximum initial respiration rate and substituting this value into the following regression formulae [38] 
Fungal Analysis
The relative numbers of fungal species were determined in the dust samples. Direct plating was chosen as it is a method that detects a wider range of fungal species than dilution plating [ 13] . Direct [40] was incubated under UV light (Desage, Heidelberg, Type Min-UVIS, UV 366 nm) with sterile filter paper laid on the surface. Chloramphenicol was added to all agar to limit bacterial growth. Extra MEA plates were incubated at 37 ° C for differentiation ofAspergillus fumigatus.
Microscopic inspection was performed with a x 40 and x 100 objective magnification to determine the morphological characteristics of fungi. The method used for differentiation of fungi was based on the methodology first described in detail by Kircheis [41] . Differ The period of exponential increase in C02 production until maximum SIR rate was virtually the same for both samples.
The maximum initial respiration rate (as a function of the SIR) was highest for the mattress dust and was significantly different to the carpet dust samples (p < 0.036). The maximum initial respiration rate for both the carpet [42] , Para Brown Earth (130-188 Jlgg-1 soil) [38, 44] , Sandy Brown Earth (250 pg g-1 soil) and Brown Podzol (300 pg g-1 soil) [38] .
The significance of knowing the amount of microbial biomass is that it increases or decreases much more quickly than organic matter (in soils) [42] . This has implications for the increased growth of fungal contaminants especially after increased moisture availability from accidental spills. The biomass in most soils is about 1-3% of organic matter [45, 46] 
Furnishings as Habitats for Fungal Growth
The study confirms the correlations between increased fungi and the presence of carpeted floors [ 13] and in mattresses [51 ] and suggests that these correlations were due to fungal growth in interior furnishings. The 
